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1 .o INTRODUCTION 

1 . 1  SITE DESCRIPTION 

1 . 1 . 1  Site Name and Description 

Rocky Flats Envlronmental Technology Site (RFETS), a 6,550 acre industnal reservabon is 
located in northern Jefferson County, Colorado RFETS hes on two major geological umts 
unconsohdated surficial un~ts  (Rocky Flats Alluvium, vanous terrace alluvia, valley fd alluvium, 
and colluvium) underlam by Cretaceous bedrock (Arapahoe FormaQon, Larme Formahon, and 
Fox HIUS Sandstone) Groundwater moves under confined condibons in surficial and shallow 
bedrock umts Addibonally, confined groundwater flow occurs in deeper bedrock sandstones 
Surficial sods are predormnantly moderately deep to deep, well-dramed clay loams of moderate to 
low permeabhty (Final Phase 11 RCRA Factlity Investrgahon Remedml Inveshgahon, Work Plan 
[Alluvial], U S Department of Energy, Rocky Flats Office, Golden, Colorado, 29 February 
199 1) 

1.1.2 History of Operation 

From the md-1950s to the present, RFETS has been a govemment-owned (U S Department of 
Energy [DOE]), contractor-operated fachty that fabncated nuclear weapon components from 
plutomum (Pu), uraruum (v), and other non-radoachve metals (p~cipally beryhum (Be) and 
stainless steel) Plutomum was also recovered in the fachty when it reprocessed components after 
they were removed from obsolete weapons 

1.2 WASTE STREAM DESCRIPTION 

1.2.1 Production Wastes 

Radoacbve and nonrdoacbve wastes wen generated m the producbon processes Plant waste 
handhng pracbces mvolved onsite and offsite recychg of hazardous matenals, onsite storage of 
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hazardous and mhoacbve mrxed wastes, and offsite drsposal of sohd radioactlve matenals at other 
DOE facilibes In the past, hazardous, radoactlve, and radoactive w e d  wastes were stored and 
disposed onsite Pnmary assessments under envrronmental remediabon programs have idenbfied 
some of these storage and disposal locations as potenbal sources of envlronmental contarmnabon 

1.2.2 Pollutants/Chemicals 

The 903 Pad, located on the south eastern side of the plant, is a portlon of Operable Umt No 2 
(OU2) and covers an area 113 meters wide by 120 meters long In 1958, waste drums were stored 
at h s  locabon Contammated soil was first discovered in 1964 in an area where 210 hter drums of 

plutomum-laden lathe coolant oil were stored The drums contamed cuttmg oil and carbon 
tetrachlonde contarmnated with plutomum and uramum cuttlngs from nuclear weapons components 
m a c h n g  operatlons 

I By 1968, all of the drums had been removed, processed, and shlpped offsite for disposal The 
contarmnated area was covered with a pad consismg of successive layers of fill dut, gravel, and a 
final layer of asphalt The level of contarmnabon in the soil ranged between 2,000 to 300,000 

dismtegrabons per m u t e  (dpm)/100 square centmeters (cm21, with penetrabon depths of 3 to 20 
cm The plutomum metal was onpal ly  deposited as fine metahcs. It oxlQzed mto PuO2 in the 
envrronment The average slze of the PuO2 pmcles was 0 2 mcrons (Soil Deconfamrnahon 

Crzfena Report, J A Hayden, et al, Rockwell Internahonal, November, 1990) 

1.2.3 Treatability Study Contaminants of Concern (COC) 

For the purposes of th~s study, seven COC's were idenbfied by the Colorado Department of 
Public Health and Enwonment (CDPHE) for mvesbgatlon. 

1) Arsemc(As) 
2) Banurnpa) 
3) Berykum(Be) 
4) Cadrmum(Cd) 

I 5) Chromum (Cr) '\ -1 



Physical Separation Document Number RF/ER-94-0010 UN 
Treatability Section 10, Rev 0 
Study Page 3 of 4 

Analyte 

PPRG 
(MWKG) 

6) Lead(Pb) 
7) Selemum (Se) 

As Ba Be Cd Cr Pb Se 

366 1 92 1 397 1 02 111 204 Not 1 37 
E41 E44 E42 E-01 E46 Established1 E+03 

VI 4 88 
E 4 3  

1.2.4 Programmatic Risk-Based Preliminary Remediation Goals 

(PPRGs) 
PPRGs for residenual sod are from the July 1994 document of the same name The values are 
presented m Table 1 2 4-1 The values are nsk-based and, m ths case, are calculated for a 
residenual exposure scenano 

1.3 TREATMENT TECHNOLOGY DESCRIPTION 

1 .3.1 Treatment Process, Description, and Operating Features 

A detaded descnptron of the TRU-Clean@ Process can be obtamed from the March 31,1993 
report enutled, “Plutomum m Sods Treatabhty Studies Rocky Flats Plant Operable Umt 2”, by T 
K Wenstrand and T M Murank Thls report descnbes all aspects of the Physical Separatron 
Treatabihty Test, mcludmg operatrng features, performed by Lockheed Enwonmental Semces 
and Technology (LESAT) of Las Vegas, Nevada on OU2 surficial sods whch generated the 
residues sampled for thls treatabhty study 
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1.4 Previous Treatability Studies at the Site 

In additlon to the LESAT Report, another soils treatability study was reported in August, 1994 
enbtied, ‘‘Rocky Flats Plant Sod Treatment Bench-Scale Treatabihty Stules (Nuclear Remelabon 
Technologies Division, General Atormcs-San Diego, Califorma, GA-C2 181 8) Ths study 
reported on prelmary charactenzabon, flotabodambon scrubbmg tests, and leaching tests 
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2.0 CONCLUSIONS AND RECOMMENDATIONS 

2.1 CONCLUSIONS 

Thls physical separauon treatabhty study mvesagated the performance of vanous gravity 
concentratmg and size separatmg umt operaaons that compnse the TRU-Clean@ Process Overall, 

the TRU-Clean0 process was meffecbve m concentratmg the seven COCs of mterest The most 
ldcely cause of the ineffectweness was a lack of differences between the specific gravitres of the 
COCs and the bulk of the r e m g  sod matnx Although not specifically mvesagated, the results 
strongly mlcate that the mtneralogxal specie were not a vanety that were effectwely concentrated 
usmg gravity concentratmg devices None of the sue separabon techmques were sufficiently 
effechve either 

Overall, thrs treatabihty study found that the COCs dld not concentrate when subjected to physical 

the form of naturally occumg rmnerals Had the COCs been placed mto the envlronment as the 
result of plant operahons, they would have probably been in metahc form Furthermore, if the 
COCs had been m rnetalhc form, the physical separatron techmques employed here would have 
been effectwe due to the hgh density of metals versus the bulk sod 

, separauon techmques These results strongly unply that the COCs specified for the study were in 

2.2 R ECO M M EN DATlO NS 

2.2.1 Mineralogical Investigation 

Some mtneralogpcal evaluatlon of surficial sods is warranted to a d  future recommendauons with 
regard to rem-on mvesbgabons 

2.2.2 Pilot Study 

Previous sods stules have focused on removing radonuchde contammabon Should a pdot plant 
study be conducted to remove radionuchdes, the recovery of idenQfied mmeral COCs could be 
accomphshed concurrcntly 
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3.0 

3.1 

TREATABILITY STUDY APPROACH 

TEST OBJECTIVES AND RATIONALE 

The objectwe of h s  study was to d e t e m e  the abhty of the umt operatrons employed m the 
LESAT Treatablllty Study as a remeQal technology for the removal of the seven identlfied COCs in 
the form of elements of unknown nuneralogy The technology had previously been evaluated for 
its ablllty to remove radonuchde contarmnahon from samples of RFETS soil The ratlonale for 
h s  study was to expand ttus invesugahon to lnclude the rmneral COCs Specifically, thls study 
was muated at the request of the CDPHE m correspondence dated February 18,1994 to 
DOE/RFFO 

A Physical Separatlon Treatabihty Test was conducted by LESAT of Las Vegas, Nevada Samples 
of sod residues from that test were used for h s  treatabhty study Detds of the LESAT Program 
can be obtamed from the March 31, 1993 Report, “Plutonium in Sods Treatablllty Studies Rocky 
Flats Plant Operable Urut 2,” by T K Wenstrand and T M Murank Smce that formal report has 
been subrmtted to the Rocky Flats Field Office (RFFO) (”-065-94), it wlll be used as a 
reference, but not quoted m full However, the Integrated System for Treatabzbry Study diagram 
(See Fig 4 1 7 from the LESAT Report) is reproduced in ths  report (See Fig 3 1-1) Ths 
Qagram can be used to compare the results presented m the followmg sectlons 

Samples were taken of i d e n ~ e d  feed and product streams to be used for evaluauon of the 
followmg physical separahon technologies 

Trommel Screen 
SplralClasslfiCr 
Attnbon Scrubber 
Gravunetnc Separator 
Hydrocyclone 
Centrifugal Concentrator 
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>6 3 mm Trmmel RejeCi 
Mass = 23 8% 

>50 8 mm Field Reject t- Mass = 21 1 % 
>50 8 mm Field 
Screened Field Feed Mass = 100 0 YO 

0 rganics 
Mass=O38% 1 DryScreen - Wet Trommel 

Table Concentrate 
Mass = 0 58% 
PU = 8 47 pCi/g 

4 

Mineral Jig - 
I Hutch2Table b- 

Hutch 1 Table 

t 

Pu = 11 0 pcvg 

Table Tail 
Mass= 1 72% 

- Spiral Classifier 
Organics 
Mass = 0 52% 
PU = 157 pCdg 

- Mass = 9 8% 

Attntion 

Centrifugal 
Concentrator 

t >4 75 mm 

- Hydrocyclone Overflow 
Mass = 6 6% 

Mass= 1 02% 
e Pu = 1 5 4 pcI/g 

Mass = 9 7% Hydrocyclone - 
104 kPa 

Hydrocyclone Underflow 
Mass = 9 7% 
PU = 316 pCdg 

I Figure 3.1-1 Integrated System for Tmatabdrty Study 
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The rnulbple gravity separator identlfied by CDPHE to be analyzed 111 thls study was ormtted 111 the 
ongmal LESAT Study The hydrocyclone, however, was run and is included in ths study 

Smce the soils residue samples requlred repaclung per RFETS waste procedures, a waste 
resamphg and repaclung plan was developed for thls study The Permacon, a controlled 
envrronmental faclllty located in Tent 10 on the 903 Pad, was used for h s  purpose Samples were 
taken of the identrfied product streams and shpped to an offsite analyt~cal facllrty for metals 
analyses 

3.2  Sampling and Analysis 

Samphg was conducted accordmg to RFETS procedures L-3306-A, Waste Churactenzutzon 
Sampling Procedure Insrde the Protected Area (Effectwe Date lUll191), and L-6245-E, Sampirng 
Procedure for Waste Charactenzatzon (Effectwe Date 4120194) 

Chemcal analyses were conducted by Lockheed Analyt~cal Services (LAS-Las Vegas, Nevada) 
EPA Procedure 6010 using Inducwely Coupled Plasma (ICP) was used to detect banum, 
berylhum, cadmtum, and chromum EPA Procedure 7000, Graphite Furnace Analysis, was used 
to detect arsemc, selemum, and lead 
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4.0 RESULTS AND DISCUSSION 

4.1 DATA ANALYSIS AND INTERPRETATION 

4.1.1 Analysis of Waste Stream Characteristics 

Ths study focuses on the response of rmnus 50 8 mm soil to the idenhfied umt operahons The 
o n p a l  LESAT Study blended mulhple drums of OU2 surficial soils to generate a composite feed 
matenal An analpcal ahquot was spht out of that composited matenal The results of that 
analysis represent the waste stream used as feed and mveshgated for ttus study These values are 
compared to the PPRGs and the Rock Creek Study data (See Table 4 1 1-1) The Rock Creek 
Dramage Background Study is unportant to the Background Soils Charactemahon Plan (BSCP) 
and ths study because it provides comparatlve values for the COCs 

Samples were collected 111 1992 and 1993 from the Rock Creek Dramage Area (the 
Rock Creek data set) in the northwest quadrant of the buffer zone of RFETS Thts 
data was collected m support of the Resource Conservahon and Recovery Act 
/Comprehensive Envlronmental Response, Compensatlon and Liablltty Act 
(RCWCERCLA) inveshgahons for OU1 and OU2 to estabhsh a background soil 
chermstry for determmmg the nature and extent of contammahon, and for human 
health nsk-assessment purposes (Background S o h  Churactenzatzon Plan, 
RFETS/ER-M-94-00022, May 1994) 

The LESAT Feed values were consistently below the Rock Creek background values The values 
for berylhum, cadrmum, and chromum were an order of maptude lower The PPRG for arsemc 
at 0 366 MGKG was an order of magmtude lower than the correspondmg LESAT value of 3 5 
MGKG The berylhum value of 0 63 MGKG was also hgher than the PPRG value of 0 149 
MGKG The r e m g  LESAT values were consistently lower than the PPRGs, some were 
several orders of maptude lower Berylhum had been previously identlfied as a target 
contarmnant m sods (Fmal Treatabhty Studies Plan [TSP], Sectton 5 2 1, August 26,1991) 
Arsemc was not identlfied as a target contarmnant m the TSP When the LESAT Feed matenal 
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from OU2 was compared, it was questloned whether there was a metals COC issue m light of all 
values found to be less than background 

Table 4.1.1-1 LESAT Feed, PPRGs, and Rock Creek Study Soil Analyses 

2Value Denved from EPAUptake Biokenetic Model as Described in Footnote 1 of Table 1 2 4-1 
3Table 3-9, Section 3 0, Page 18 of 25, Background Soils Characterizahon Plan, RFP/ER-M-9400022, 

4.1.2 Analysis of Treatability Study Data 

Metalhc concentratlons for the process streams produced as a result of  the investlgated LESAT urut 
operatlons are shown in Table 4 1 2- 1 Consistent with the results presented in Sectlon 4 1 1, 
arsemc and berylhum were above theu respechve PPRGs by up to two orders of magmtude The 
r e m u g  five metal COC were under thelr respectwe PPRGs whch was also consistent with the 
results UI Table 4 1 2-1 l h s  data lnlcated that bmum, cadrmum, chromum, lead, and selemum 
were under theu respectlve PPRGs and were not considered to be COCs Arsemc and beryllium 
concentraQons were above theu PPRGs, however, when the untreated feed matenal(1 e , LESAT 
Feed) was considered Arsemc and berylhum COC concentratlons were below the background 
(Rock Creek) whch mdmted that arsemc and beryllium were not COCs 

4.1.2.1 Mass Balance for Overall Process-Table 4 1 2  1-1 provides individual metal 
mass balances around the overall process flow diagram shown ln Figure 3 1-1 It should be noted 
that the product mass values shown ln Figure 3 1-1 are taken from the LESAT Report 
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Table 4.1.2-1 Unrt Operations Stream Concentrations 
(Product1 As I Ba I Be I Cd I Cr I Pb I Se I 

Iescnption IMass-Y' MGKGI MGKG I MGKG I MG/KG I MWKG I MGKG I MGKG 
~~ ~ ~ 

'rogrammaW Risk-Based 
'retiminary Rernediation 
3oals 

Dry Screen Organic 

lry Screen-Oversize 

Iry Screen-Undersize 

rrommel-Ove rsize 

rrornmel-Undersize 

Met Scrn Oversize(>4 Mesh) 

iutch 1 Table Concentrate 

~ ~ - 

366 1902 149 137 111204 Not 1 37 
E-01 Et04 E-01 E+02 E+06 Est1 Et03 

VI 4 88 
E+03 

038 621 128 060  1 4  110 565 1 3  

Internal 598 1133 0 2 7  077 3 0  166 066 
Stream 

Internal 619 112 078  080 122 375 090 
Stream 

238 171 7 4  002 080 099 8 4  22 5 

Internal 61 8 732 0 42 080 8 2  550 0 7 8  
Stream 

102 173 590 0 31 081 6 5  251 228 

1 1  172 213 029  080 45  377 226 

iutch 1 Table Tailing 

iutch 2 Table Concentrate 

114 173 127 020 080 2 3  109 227 

172 173 145 020 080 3 3  188 227 
~~ ~ ~~ 

iutch 2 Table Tailing 

;lassifier Cleanout (Org) 

058 614 743 038 079 109 170 060 

0 5 2  171 237 020  080 28  253 225 
~~ 

>lassifier Underflow 

kntnfugal Concentrate 

4ydrocyclone Overflow 

iyd rocyclone Underflow 

_____ ~ ~ 

7 

122 173 185 020  080 2 3  8 4  22 7 

9 8  225 191 1 1  1 0  288 849 227 

6 6  172 241 1 5  1 1  344 111 22 6 

9 7  173 219 1 4  1 3  303 933 227 
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Table 4.1.2.1-1 Mass Balance Values an 

Descnpbon Mass-% A s %  

Dry Screen Organic 038 1 3  

Trommel Oversize 238 221 

Wet Screen Oversize 1 02 1 0  

Hutch 1 Tableconcentrate 1 1 1 0  

Product 

Hutch 1 TableTailing 114 107 

Hutch 2 Table Concentrate 1 72 1 6  

Hutch 2 Table Tailing 058 2 0  

Classifier Organic 052 0 5  

Classifier Underflow 122 114 

Centrifugal Concentrate 9 0  120 

Hydrocyclone Overflow 6 6  6 2  

Hydrocyclone Underflow 9 7  9 1  

SUMS1 780 708 

Individual values for metals were calculated by multiplymg individual mass values from Figure 
3 1-1 with the analyt~cal values provided in Table 4 1 2-1 Those values were summed for a given 
metal and then individual percentages were denved for each urut operahon (1 e , centnfugal 
concentrate) In h s  way, the overall distnbuuon and behavior of a given metal can be tracked 
through the inkvidual umt operahons and overall process used in the Lockheed Treatabllity Study 

Percent 

0a% Be% Cd% Cr% Pb% Se% 

228 5 9  13 1 7 9  4 1  0 3  

0 4  0 1  0 0 5  0 1  0 9  

2 9  1 4  0 2 9  1 1  2 6  

1 1  0 5  0 2 1  112 387 

0 6  0 2  0 1 1  0 2  1 1  

0 7  0 2  0 1 6  0 4  1 9  

13 1 2 2  0 4 8  1 2  0 1  

1 2  0 4  0 1 1  0 5  2 6  

0 9  0 3  0 1 1  0 1  0 9  

123 162 131 153 161 8 8  

119 279 263 20.1 252 11 4 

108 236 263 206 187 960 

788 780 780 788 788 788 

lThese sums and calculations are based on the minus 50 8 MM matenal and do not include the plus 
50 8 MM material that was field screened and set aside as field reject The plus 50 8 MM material 
accounted for 21 1% which, when summed with the matenal inventoned, results in 99 9% 
accountability 

The m u s  50 8 MM (2 m ) matenal accounted for 78 8 percent of the total matenal The 
rematnder of the matenal was rejected m the field dunng samphg The trammel oversue mass of 
23 8 percent was the largest portron of the m u s  matenal, accountmg for some 30 percent of the 
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total The remammg process streams vaned from 0 38 to 12 2 percent with no pattern to the 
distnbution of mass 

In addibon, there was no pattern to the metals distnbution When 20 percent or more was used as 
the cutoff for a "si@icant" dstnbubon of matenal to any process operabon, there were few 
rmnerals whch were successfully concentrated The trommel overslze had 22 1 percent of the 
arsemc, the dry screen had 22 8 percent of the banum, the hydrocyclone overflow contamed 27 9 
percent of berylhum, 26 3 percent of the cadrmum, 20 1 percent of chromum, and 25 2 percent of 
lead The Hydrocyclone underflow contamed 23 6 percent of the berylhum, 26 3 percent of the 
cadmum, and 20 6 percent of the chromum These latter analytml values mdicate that the values 
are spht between the hydrocyclone underflow and overflow 

Although the hydrocyclone overflow had four metals m the plus 20 percent category, when 
compared to the hydrocyclone underflow, whch had three (nearly four as lead was 18 7 percent) 
metals in the plus 20 percent, there was essenbally no dfference between the concentrated and 
tahngs streams and no sigmficant concentrabon of values 

However, the matenal reporhng to the hydrocyclone underflow was the smallest m parhcle slze 
and should have had the hghest concentrmon of all metals throughout A classic metallurgical 
relaonshp exlsts among pmcle sue, parhcle density, and metals concentratron As pmcle sne 
decreases, partlcle density and metals concentrabon mcreases That antrcipated rmneral behanor 
was not observed here One explanabon for ths not bemg the case is that the COCs were not m a 
nuneralogical form wherem the gravity concentratmg umt operahons were effectlve 

Ths behawor may be attnbuted to the nature of the treatabhty study because the u t  operatrons 
were not run m a process stnng configurabon where one umt operaaon provided the feed to the 
next umt opemon on a conmual basis Matenal was fed on a batch basis from one umt operabon 
to the next. The test was not conducted m a process stnng mode, thus equhbnum was never 
acheved Batchmg the matenal through one u t  operatlon at a tune dots not achleve eqdbnum 
distnbubon of rmnerals and pmcles 
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Analyses MWKG 

Oversize 

Undersize 

Organic 

Overall, no clear concentrahon of metals was found III any umt operatlon The distnbutlon of 
metals for individual umt operatlons is dlscussed in the following sechons 

As Ba Be Cd Cr Pb Se Stream Fraction 

598 113.3 027 0 7 7  3 0  166 066 

619 1120 078 080 122 375 090 

621 1280 060 1 4  110 565 1 3  

4.1.2.2 Distribution of Metals for Individual Unit Operations-The folIowing 
sectlons provide analytical and mass dstnbutlon data for each of the umt operatlons conducted III 
the treatabhty study 

I 1 
Oversize, % 29 30 13 29 10 16 24 030 

Undersize, % 70 69 86 70 89 83 75 0 69 

Organic, Yo 1 1 1 1 1 1 1 0 01 

4.1.2.2.1 Dry Screen Results-Table 4 1 2 2 1-1 shows selected data for the dry screen 
umt operatlon Although not specifically idenMied as one of the umt operatlons for analysis, the 
results for the dry screenmg operatlon are presented for overall evaluatlon. The underslze matenal 
contamed between 69 to 89 percent of the analyzed metals whch followed the 69 percent of the 
mass that reported to tb~s fractlon 

Table 4.1.2.2-1 Dry Screen Results 

I Distributron I 

4.1.2.2.2 Wet Trommel Results-Table 4 1 2 2 2-1 shows selected data for the wet 
trommel umt optmuon Thls data mQcated sigmficant concentrabons of all rmnerals, except 
selemum, rn the underslze fracbon. However, thts apparent concentrabon effect was due to 70 
percent of the mass reportmg to the undersue fractlon rather than a true concentraQon effect 
Selemum showed an anomalous behavior as 92 percent of the selemum reported to the overslze 
Thrs result was not antlcipated because rmnerals are typically concentrated m the frner sued 
fractlons 
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Ba Be Cd Cr Pb Se Stream Fracbon 

7 4  020 080 099 8 4  22 5 

732 042 080 8 2  550 078 

Distnbubon 

Oversize, % 11 4 17 30 5 6 92 030 

Undersize, % 89 96 83 70 95 94 8 0 70 
i 

4.1.2.2.3 Attrition Scrubber Results-Feed to the attntion scrubber was a combination of 
wet trommel underslze and dry screen underslze The product of the attntlon scrubber was passed 
duectly through to the wet screen Samples were not taken of the attntlon scrubber product so an 
analysis was not possible 

Oversize, % 

Undersize, % 

4.1.2.2.4 Wet Screen Results-Table 4 1 2 2 4-1 shows selected data for the wet screen 
umt operaoon Wet screemng results mdcated that the COCs followed 98 percent of the mass that 
reported to the underslze There was essentlally no selectlve concentratlon that took place when the 
feed m a t e d  was compared to the underslze on a metal by metal basis 

2 1 1 2 1 1 2 0 02 

98 99 99 98 99 99 98 0 98 

Table 4.1.2.2.4-1 Wet Screen Results 
Analyses MWKG Ba Be Cd Cr Pb Stream Fracbon 

I Oversize I 173 I 590 I 031 I 081 I 6 5  I 2 5 1  I 228 I I 

I Distnbubon I 
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31 5 9 23 6 19 25 0 28 

69 95 91 77 94 81 75 0 72 

4 1.2.2.5 Gravity Separataon (Mineral Jig) Results-Table 4 1 2 2 5-1 shows selected 
data for the mneral jig umt operahon Most of the metals subjected to the achon of the rmneral jig 
followed 72 percent of the mass that reported to the undersize There was essentially no selectlve 
concentratlon that took place especially when the feed matenal was compared to the undersize on a 
metal by metal basis 

Table 4.1.2.2.5-1 Mineral Jig Results MGiKG 
Analyses MG/KG As Ba Be Cd Cr Pb Stream Fracbon 

4.1.2.2.6 Gravrty Separation (Table) Results-The two hutch concentrates from the 
jiggmg operatlon were mdmdually subjected to gravity concentratlon through the use of a tabhg 
operatlon Table 4 1 2 2 6-1 shows selected data for the tablmg unit operatlon With the 
exceptlon of lead, m the table concentrate from Hutch 1 feed, the remaumg metals followed the 78 
percent of the mass that accounted for Hutch 1 Tatlmg Smce tabhg was a gravrty concentratmg 
umt operatlon, it was expected that rmnerals of lugher density would selectlvely be concentrated in 
the table concentrates The fact that most of the metals reported to the t a h g  for Hutch 1 was not 
expected The analyt~cal value of 377 MGKG for lead was almost two orders of maptude hgher 
than the feed matenal value of 39 MGKG Somewhat anomalous results were seen for arsemc 
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and banum m the tadmg for Hutch 2 Both of the analyt~cal values were roughly three to four 
tunes hgher than theu feed values Mmeral specie typically do not concentrate m t A n g  streams 

Table 4.1.2.2.6-1 Table Results MG/KG 
Analyses MWKG As Ba Be Cd Cr Pb Stream Fracbon 

Table Concentrate I 172 I 213 1 029 I 0 8 0  I 4 5  I 377 I 227 I 
Hutch 1 

TableTailingHutchl 173 127 020 080 2 3  109 227 

Table Concentrate 173 145 020 080 3 3  188 226 
Hutch 2 

TableTailingHutch2 61 4 743 038 0 79 109 170 060 

Table Concentrate 6 8 10 7 10 72 a 0 07 
Hutch 1 

Table Tailing Hutch 1 59 47 67 78 50 21 87 0 78 

Table Concentrate 3 3 4 4 4 2 5 004 
Hutch 2 

Table Tailing Hutch 2 32 42 19 11 36 5 0 0 11 

lThe oversize portion of the minerals jig contams the more dense mineral particles 
Note The shaded area indicates that the data was calculated for each analyte from the weighted 
averages of all products 

4.1.2.2.7 Spiral Classzfier Results-Table 4 1 2 2 7-1 shows selected data for the spiral 
classlfier umt operabon Sprral classifiers are processmg devices used, m most apphcatlons, to 

make a sue separahon and concentrate matenals Thls data gave the mpression that the spud 

classifier concentrated m excess of 90 percent of the banum, berylhum, chromum, and lead mto 
the classlfier overflow Although the ciasslfier overflow analybcal values for these metals were 
bgher than thelr respectwe feed values, the concentrabon effect was more the result of the 68 
percent pass value of the stream. 

\ 
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Underflow 

Organics 

Table 4.1.2.2.7-1 Spual Clasnfier Results 
Analyses MWKG Ba Be Cd Cr Pb Stream Frachon 

173 185 020 080 2 8  8 4  22 7 

17 1 237 020 080 2 8  253 225 

Overflow, % 

Underflow, % 

Organics, % 

I AnalysesMG/KGI As I Ba I Be I Cd I Cr I Pb I Se I StreamFrachon 

70 96 93 74 95 95 68 068 

29 4 7 25 5 4 31 0 31 

1 0 0 1 0 1 1 0 01 

Iconcentrate I 225 I 191 I 11  I 1 0  I 288 I 849 I 227 I I 

Distribution 

Cocentrate, % 44 44 36 33 39 36 38 038 

Tailing, % 56 64 64 67 61 64 62 0 62 

Note The shaded areas indicate that the data was calculated for each analyte from the weighted 
averages of all products 
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Overflow 

Underflow 
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173 241 1 5  1 1  344 111 22 6 

173 219 1 4  1 3  303 933 227 

4.1.2.2.9 Hydrocyclone Results-Table 4 1 2 2 9-1-1 shows selected data for the 
hydrocyclone unit operahon The hydrocyclone, llke the centnfugal concentrator, was ineffectwe 
as a concentratmg device for the COCs There was little difference between the analyses of the 
feed matenal and the concentrate The distnbutlon of metals followed the mass distnbutlon of the 
two streams. The hydrocyclone, &e the s p ~ a l  classifier, is a processing device used 111 most 
apphcahons to make a size separabon The hydrocyclone does not concentrate matenals based 
upon specific gravity Merences 

I 

Distnbubon 

Table 4.1.2.2.9-1 Hydrocyclone Results 
Analyses MG/KG Ba Be Cd Cr Pb Stream Fracbon 

1 

Overflow, Yo 40 43 42 37 44 45 40 040 

Underflow, % 60 57 58 63 56 55 60 060 
L 

I Note The shaded area indicates that the data was calculated for each analyte from the weighted I averages of all products 
~ ~ ~ ~ ~~ ~~ ~~ ~~ 

4.1.2.3 Specific Gravity Values for COC Mineral Specie-Gravity concentration is 
dependent upon the degree of drfference between the specific gravity of the rmneral specie that is 
deslred to be concentrated or separated from the larger portlon of matenal havmg a lower specific 
gravity For example, PbS at a specific gravity of 7 5 can be separated fiom Si02 whch has a 
specific gravity of 2 65 usmg gravity concentratmg urut opemt~ons For a gravity concentratmg 
operation to be successful on sod, the specie that are deslred to be separated must exist m 
appropnate mmeralogxal forms and requms a sufficiently hgh specific gravity m companson to 
the other pornon of the matenal (the bulk portlon of the sod) 

Table 4 1 2 3-1 contams naturally occurring mmeral specie and then correspondmg speclfic 
gravihes for the seven COCs of h s  study It should be noted that an extensive hterature survey 



, 

Arsenic Banum Beryllium Cadmium Chromium Lead Selenium 

As203-3 87 BaC094 43 BeAl204-3 76 CdS482 No PbCQ-66 NO 

A 9 0 3 4  15 BaSO4-4 50 Be03 01 Natural PbS-7 5 Natural 

As2S2-3 35 Be2SiOe3 0 Occurring PbS04-6 2 Occurring 

Be2(0H)B0~2 35 Listings Listings . 
Data from the 75th Edition of the Handbook of Chemistry and Physics, CRC Press, 1994 
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was not performed with regards to potenhal rmneralogical forms for the identlfied COCs 

Accordmg to the reference, not all of the COCs have naturally occurnng forms No extensive 
rmneralogical infonnatlon is known about the sod feed mated used 111 h s  study However, the 
bulk of the rmnerals idenhfied as occurnng naturally do not e h b i t  hgh enough specific gravitles 
to result in successful recovery through gravity concentratlon techruques The low separatlon 
recovenes expenenced u1 thrs treatabhty study would be explamed by thrs rnterpretatlon 

4.1.4 Comparison To Test Objectives 

The objectwe of th~s treatabihty study was to deterrmne whether the physical separatlon and gravity 
concentratlng operatlons that make up the TRU-Clean@ Process would effecttvely remove the 
seven COCs from RFETS OU2 soil. Results are presented in Table 4 1 2-1, Umt Operations 
Stream Concentr&ons and mdcate that concentratlon of the COCs was not effected Further, soil 
background data (See Table 4.1 1-1, LESAT Feed, PPRGs, and Rock Creek Study Soli Analyses) 
for the seven identd?ed COCs are below the PPRGs, mdicatmg that five of the seven elements 
identlfied may nat be COCs Arsemc and beryhum may be excepbons 

4.2 QUALITY ASSURANCUQUALITY CONTROL (QNQC) 

In additlon to those procedures speclfied m Sectlon 3 2, Samphg and Analysis, QNQC were 
-tamed through the use of Sample Management Office (SMO) procedures. Those procedures 
were L-8001-A, SMO Database Input Process (Effectwe Date 2/28/94), and L-8000-A, Sample 

- 
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Packaging and Shzppzng Procedure (Effecbve Date 1/11/94) Samples were shlpped to the 
analytical facrllty per Rocky Flats Transportabon Safety Manuals, PADC-94-01279 

Duphcates were collected for analysis and a l l  values were w i h  the 20 percent Relatwe Percent 
Difference Cntena or w i k  five tunes the instrument detecbon h t s  
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As 

Ba 

Be 

BSCP 

Cd 

CDPHE 

CERCLA 

Cm2 

Cr 

COC 

DOE 

dPm 

EPA 

=SAT 

MGKG 

ou 
OWSER 

Pb 

PPRG 

RCRA 

RFEDS 

RFETS 

RFFO 

Se 

TRU 

TSP 

UBK 

Arseruc 

Banum 

Berylhum 

Background Soils Charactenzation Plan 

Cadrmum 

Colorado Department of Pubhc Health and Envlronment 

Comprehensive Envronmental Response, Compensahon 
and Liabhty Act 

square centmeters 

Chromum 

Contarmnants of Concern 

Department of Energy 

Disentegrahons per Mnute 

Enwonmental Protechon Agency 

Lockheed Environmental Semces and Technology 

m l m F m o g r a m  

Operable Urut 

Office of Sohd Waste and Emergency Response 

Lead 

Programmahc Ruk-based P r e h a x y  Remediahon Goal 

Resource Conservahon and Recovery Act 

Rocky Hats EnvlronmentaI Database System 

Rocky Flats Envlronmental Technology Site 

Rocky Flats Field Office 

Selemum 

T r a n s m c  Waste 

Total Suspended Pmculates 

Uptake Biolunetx 

A-2 



Appendix B 

Data Summaries 

&1 



INTEROFFICE CORRESPONDENCE 

DATE: January 8, 1993 

rn 0. Edich, Environmental Science and Englneerrng, Bldg 51, 273-67 i o  

FROM- 

SUWECT. 

P A. Kiefer, Sample Management, Bldg. 080, X86S83- 

SAMPLE NUMBERS AND LOCATiON CODES FOR SmWlDETREATABILIT/ STUDY 
TRU- CLEAN - PAK-002-93 

Please direct your Woodward-Clyde sampling crews to use the following locabon codes and 
sample numbers for the surficial soil samples collected for Sitewide Treatability Study TRU- 
C W .  

SSOOOI 93 and SS000293 

SAMPLE NUMBER BLOCK OF NUMBERS 

SSOO5OOWC through SSOOSZOWC 

If you require additional numbers, then contact me. 

k l  b 

cc: 
W. S Busby 
c Sunaberg 
D Scwggs 
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1 CLIENT ID NO. 
I 

INORGANIC ANALYSES DATA SHEET 

r m 
I?- 
P- 
P' 
P- 
P' 
P' 
P- 
P- 
P- 
P- 
P- 
AT 
P 
P- 
p- 
P- 
P- 
F- 
P- 
PI 

P 

I C023702 
Lab Name: L.A.S. Contract :  ROCKY_FLAT 

Lab Code: LOCK- Case No.: 810RFW SAS No.: SDG No.: L2606S 

Matrix (soil/water) : SOTL- Lab Sample Ib: L2608-2- 

Level (low/med) : LOW- - Date Received: 08/10/94 

Z Solida:  100.0 

. 

Concentration U n h s  (ug/L or mg/kg dry weight) : W / K G  

3429 0 -  90 5 
7440 - 3 6 - 0 
7440-38-2 
7440 3 9 - 3 
7440-41-7 
7440 -43 -9 
7440- 70-2 
7440- 47 - 3 
7440- 48- 4 

7439 - 09-6 
7439-92-1 
743 9 - 95 - 4 
7439-96- 5 
743 9 - 97 - 6 
7440- 02- 0 
7440- 09-  7 

7440-50- a 

7782-49-2 
7440 -2a-4 
7 4 4 0 4 3  - 5 
7440- 28 - 0 
7440 - 62-2 
7440-66-6 

10700 
I 

-num_ AntSmony- 
Arsenic- 
Beryllium v . 6 0  
cadmiuln- 1 .4  
Calcium- c 4:13200 

11.0 
7 .5  

chfomium- 
3'6.0 

Cobalt,, 
Coppez- 
Iron 9020 
Lead . 56.5 
Magnea-awn . 2490 
Manganese 281 
Mercury- - 0 . 0 5  
Nickel 13.1 

1 PotasdiZi 2370 
Selenium- 1.3 
Silver- 1 .4  
Sodium- 1000 
Thallium- 0 . 8 0  
Vanadium- 21.1 

Barium 62i: 

- zinc ' i 63.7 
I 

I I I 
I I 

.a 

Color Before: BROWN I Clarity Before-: Texture : MEDIUM 

! 

. .  
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1 CLIENT m NO. 
INORGANIC ANALYSES DATA SHEET 

C023502 
Lab Nam%: L.A.S. Contract: ROCKY-FLAT 
Lab Code: LOCK- Case NO.: 81ORpsQ SAS No.: S W  No.: L2608S 

Matrix (soi l /water )  : SOIL- Lab Sample ID: L2608-7- 

Level ( low/med) : LOW- 

k S o l i d s :  100 . 0 

Concentration Units- (ug/L or mg/kg AN Weight) : W/KG 

CAS No. 
3429 - -  90 5 
7440- 3 6-0 
7440-3 8 - 2  
7440-39-3  
7440-41-7 
7440-43-9 
7440- 70-2 
7440-47-3 
744O-40 - 4  
744Q-50-0 
7439- 09- 6 
7439-92- 1 
7439-95-4  
7439-96-5 
7439 -97-6 
7440-02-0 

7762 -49-2 
7440-22-4 
3440-23-5 
7440 - 28 - 0 
7440 - 62- 2 
7440-66-6 

7440-09 - 7 

A n a l y t u  Concenttation C Q M 
P 
P 
P- 
P- 
P- 

385 B, P' 
P- 
F- 

2.6 
P- 

Cobalt- 

P- 
Iron 

P- 
Lead 

AJ 
Manganese 

P' 
N i c k 8 1  
Potassium 188  U 
Selenium- 0 . 7 2  B 7 F- 

1.3 U P- 
P- 

Silver- 
sodim- 325 B 
Thallium- 0 . 8 0  U F- 

6.7 B P- 
4-51-1 lp: 

at imony- --I NIE 
_ ~ r o e n i C -  58.3 D- 
B e r y l l E  0 . 1 9  u ,- 
cadmium- 
Calcim- 
chroaliura- 

coggar- P- 

m g n a  P' 
mr-2 

2.3 U P 

4.5 B 
0.75 U 

.. 1.3 u 
2 . 7  B 

-270 
16.2 u 

- - 81.7 B 
13.4 

- 0 . 0 5  u 

.Barium 

- - 

Color Before: BROWN 2 Clarity Beform Texture: COURSE 

Color Mter: COLORLgSS Clarity MCer:: Artifacts: , 
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1 CLIENT ID NO, 
INORGANIC ANALYSES DATA SHEET 

I 

- - 
B 
U 

u 

U 

- .  
a 

- 
B 
B 
U 
U 
B 
B - 

C023 602 

$Do No.: L2608S 

L a b  Name: L.A.S. 

Lab Code: LOCK- Caae No.: 81ORF'W SAS No.: 
Matrix (soil/water) : SOIL- Lab Sample ID: L2608-6- 

Level (low/mad) : LOW- Date Received: 0 6 / 1 0 / 9 4  

C Solids: 100.0 

Contract: 2CW-FLAT I 

Concentration Onit#- (ug/L or mg/kg dry m i g h t )  : ffi/KG 

C Q  M 

b- 

B 
NR 
P 
P- 
P- 
P- 
P- 
P- - P- 
P" 
P- 
P- 
P- 
l?- 
AV u- 
P- 
P- 
P- 
P" 
F- u- 

* I?: 

P 

7 F- 

CAS No. 
7429 90 5 
7440-36-0 

7440-39-3 
7440 - 41- 7 
7440-43-9 
7440-70-2 
7440-47- 3 
7440-48-4 
7440-50-8 
7439-89-6 
7439 - 92 - 1 
7439-95-4 
7439 - 96- 5 
7439-97-6 
7440 - 03 - 0 
7440-09-7 
7702-49-2 
7440- 22- 4 
7440-23-5 
7440-28-0 
7440- 62-2 
7440-66-6 

- -  
7440 - 38 - 2 

aariumc_, 
Beryllzu 
Cadlnim- 
calcium_ 

* 

222 
u . 3 4  

0.79  
' 279000 

Cobalt- 
Copper-' 

Manganese 

Iron 
Lead- 
M a g n e  

Mercury_ 
Nickel 
P O m 8 S E  
Selenium- 
Silver- 
SOdiWll- 
Thallium- 
V-div- 
Zinc-1 6 I 

I 

2.0 
6 . 5  

-960 
17.0 

' 3510 
112 - 0 . 0 5  
2.6 
723 .-. 60 
1.4 
707 

7 . 8 0  
8.2 

.. - 44.5 

1 Color Before: BROWN Clarity Befare: Texture : COURsE 
Color After: YELLOW- Clarity After:, Artifacts: 

conanents: 
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1 CLIENT ID NO, 
INORGANIC mALYSES DATA SHEET 

C024202 

SDG NO.: 52608s  
Lab NEune: L.A.S. 

Lab Code: WCR- Case No,: 81ORFW 8AS No.: 
Matrix (soil/water) : SOIL- Lab Sample ID: L2608-1- 
Level ( low/med) : Low- Date Received: O B / l O / 9 4  

Contract: ROCKY-FLAT I 

% Solids: 100 * 0 

Concentration Units -(ug/L or mg/kg d r y  weight): MG/KG 

CAS NO, 
3429 - .  9 0  5 
7440- 3 6  - 0 
7440 - 3 6 - 2 
7440-39-3 1 

7440-41- 7 
7440 -43 - 9  
7440 - 70-2 
7440 -47- 3 

7440-50-0 
7439- 09 - 6 
7439-92 - 1 
7439-9594 
7439- 96 - 5 
7439-97-6 
7440- 02 -0 
7440- 09 -7 
7782-49-2 
7440 - 22 - 4 
7440-23 - 5 
7440-28-0 
7440-62 - 2  
7440- 66-6  

7440-41 - 4  

Color Before: BROWN 

~nalyte Concentration 
s -=- 12806 

Antimony- 
~ r s e a i c -  61.9 
Barium 112 
B c r y l l E  0 . 7 8  
c a d ~ -  0.80 
calcium- ~ - ’ 111300 

12 02 
4.8 

UUmnim- 
Cobalt 
Cogper- - 3 - 9  
Iron 

37.5 
249 0 

Lead 
mgnziEiiii 
Manganese 229 
-r=ry_ do05 

Potasamii 2790 
Selenium- 0 . 9 0  
Silver- 1.4 
Sodium- 62 8 
Tha l l ium_  0 . 8 0  

22.9 
49.1 

V d F L  
Zlac ’ 

* 

--=-+:o*o 

Nickel 11*6 
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1 
IXOZGANIC ANALYSES DATA SFXET 

CLZENT ID NO. 
. .  

9 4 TO225 0 1 
Qu Name: L.A.3. Centracf: ROCKY-FIAT 

ab Code: LOCX- Cane No, : 615E1Fpp SA9 NO.: 
- -  - 

Sbb N~.z I121343 

&ab S a q l c  ID: L2134-6- 
Date Received: 06/15{34 

Solid41 : 100 0 

4 l x  I cA9 30. W y t r  Conctntratioa 

- --- - - *  
J 

7440-36-0 

7440- 39 -3 
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Lab Sample ID: L2608-4- 

Lab Name: L.A.S. 
Lab Code: LOCK, CaSO NO. 810RFW SAS NO. t 
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Lab Code: LO=- Can8 No.: 615- SA8 No.: SO0 NO.: t31.348 

Color rnforst 
Color A f t e t t  

100 . 0 

Concentration Uait8 (ug/L or mg/kg bry weight) : =/KG 

CAa No. 

7440-36-0 
7440-30-2 
7440 - 39 - 3 
7440-41.7 
7440-43 - 9 
3440 - 70- 2 
7440- 47- 3 
7 4 4 - 4 8  -4 
7440-50-8 
7439-09-6 
7439-92-s 
7439 - 9s -4  
7439 -96- 5 
713 4- 9 0-  7 
744 0 - 02 - 0 

7782 -49-0 
744 0 - 22 - 4 
7446-239s 
7440-14-6 
7440-28 * 0 

7440- 66- 6 

7440- as-7 

7440- 62 -a 

clarity Beforas 
CluityAiterr ~ 



.- . 

Color 6ef ore I 

Color A f t  e t  t 

7440-3610 
7440-30- 2 
7440-39-3 
7440-41- 7 
7440-43 - 9 
7440- 70 -a 
7440 - 47-3 
7 U 0 - 4 8 4  
7440- 50 - 8 
7439-89-6 

7439-95-1 
7439 - 96 - 3 

7440- 02 - 0 
7440- 09 - 7 

74 4 0 -  2 2 4 
7440 -23- 5 

743 9- 93 - I 
7439 - 9 a- 7 

m 2 - 4 9 - t  

7440 -a4 - 6 
7 4 4 0 4  - Q 
7140-63 -a 
7440-66-6 

cuuity Beforax ,- -- 
COLoLug99 clarity After: 

Q 
- 
M 

E 
;- 

;I 

;: 

P- 
P' 
I?- 
P- 
P- 

P- 
P- 
I?- 

P' P 
P' 
P- 
I?- 
P- 
P- 
F- PI - 

I 



SW - 846 , 

- 

I CLIENT ID NO. 
INORGANIC AMUIYSES DATA SHEET 

I 1 

? u ~ ~ s o s - o - ~ -  T 
NiI 

Beryllium 0.38 E P- 
cadmium_ 0.79 U P- 
calcium-' - * 11L200 P- 
C h d u a l -  10.9 P- 
Cobalt,, 5.1 E P- 
copper- ' - 648 - P- 
Iron -200 P- 
Lead . 17.0 P- 
Magneexus, - - 2540 P- 
Manganeue 116 P- 

~ i c l t ~ r i -  7 . 0  B P 
Potaaaaum -640 P- 
Selenium- 0.60  F- 
-Silver- 1.4 U ~ P- 

SOdiUm__ 566 B P- 
Thallfrlm- F . 8 0  U F- 
Vanadium- 15.9 - P- 

- E- 61.4 u Antimony- 
-Areeni'c- 
Barium 74.3 

Mercury- bO.05 u Av 

Zinc 18.6 P'J: 

I C024402 

SPG NO,: L2608S 
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Lab Code: LOCK- Case No.: 8lORFW $AS No.: 
Matrix (aoil/water) : SOIL- Lab Sample ID: L2608-3- 

Level (low/med) : Low_ Date Received: 08/10/94 

tr Solids: 100 . 0 

Contract: ROW-FLAT 1 

Concentration Units (ug/L o r  mg/kg dry weight) : MG/XG 
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7439-95-1 
7439- 96 - 5 
7439- 9 8-7 
7440- 02- 0 
7440- 09-7 

3440 - 38- a 

7440 - 50- a 

7782-49 -2 
7440 - 31 -4 
7440 - a3 - I 
7440-30-0 
7440- 62-3 

7440-24- 6 

7440-66-6 

Color Beforrr Btacx 
Color 3Lft.r; YZLLOW- 

a u i t y  Befomr Texture: COARSB 

Clarity Aitarr u t i f h C t 8  t 

comex2t;P t 

i 


